Gastric ulcers in swine have been reported since 19511. They appear to be increasing in incidence during the past decade. HANNAN and NYHAN~ reported 53% of 377 examined pigs to have ulcers, while CURTIN et al.3 in a 1-year study observed 19.6% ulcers in pigs from the Indiana Swine Evaluation Station. KOWALCZYK et al.9 by examining 3,700 pigs moving through slaughter facilities, found 16% of stomachs with erosions, ulcers and scars and 44% additional stomachs with epithelial changes. PERRY et al.14 found an incidence of ulcers greater than 50% in swine used to test the value of cooked or gelatinized corn. HOORENS et al.7 reported 34% incidence of different lesions in 24,000 examined slaughter pig-stomachs. In the routine autopsy material of the Veterinary College of Norway for the last six years the incidence of fatal gastric ulcer hemorrhage ranges from 4 6 % of the total number of pigs autopsied each year.
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This investigation was conducted as a preliminary study of the effect of some nutritional variables on ulcer development in swine. A protein deficiency has been associated with gastric ulcer formation in animals of different species. LI and FREE MAN^^ reviewed reports concerning the correlation between low-protein diets and ulcer incidence in rats, dogs and humans. Gastric ulceration in the forestomach of rats in connection with vitamin E low diets was reported by HARRIS et al. 5 . Oesophagogastric ulcers were observed in pigs fed diets high in unsaturated fatty acids in the absence of adequate amounts of vitamin E and sulphur-containing amino acid@. A number of etiological factors have been proposed for gastric ulcers in pigs. A primary infectious agent responsible for the disease is generally dis-counted. Various nutritional deficiences were suspected to be responsible for the lesions, among them vitamin A deficiencyl5, destruction of heat labile nutritientsl4, genetic weakness31 15 
Experimental Procedure
Three preliminary experiments were performed to examine the effect of low protein level, the effect of different fat levels and the influence of vitamin E deficient diets. An extra amino acid supply was given to some pigs in experiment III to correct a possible lack in the low protein diet. Weaned Norwegian Landrace pigs of both sexes initially weighing about 20 kg were used. The trials were conducted in confined quarters within closed buildings. Four pigs were confined to each pen with individual feeding. The pigs were hand-fed two times a day and were given adequate water supply. The pigs used originated from several sources to reduce any bias introduced by genetic factors. The pigs in each experiment were randomly assigned to quarters and treatments. The animals were weighed at 2-week intervals5. After 3 to 3 1/2 months in experiment the pigs were killed and autopsies performed. The basal rations used in the experiments are shown in Table I . The casein used was manufactured by Norsk Kasein A/L. It was prepared by rennin precipitation and air-dried at 55-60" C about 30 minutes. Analyses of different batches of casein showed an average protein content of 90.9% based on dry matter. The cod liver oil used was manufactured by J. C. Martens and Co. Ltd.
Bergen, Norway.
Experiment I
Sixteen pigs with an average body weight of 17.2 kg were divided into four lots as follows: Lot 1. Low protein basal ration of Table I . Lot 2. Low protein basal ration plus 300 mg D-L-alpha-tocopheryl acetate as Lot 3. Normal protein basal ration of Table I . Lot 4. Normal protein basal ration plus 300 mg D-L-alpha-tocopheryl acetate as 2 pigs in each lot were given the diets with thiamine omitted, but since this alteration did not influence the ulcer incidence, all pigs in each lot are considered together. weekly injections. weekly injections.
Experiment 11
Twenty-four pigs with an average body weight of 25.2 kg were divided into two lots as follows: Lot 1. Basal ration of Table I 
Results
The results of the experiments are summarized in Table 11 . During Experiment I, one pig in lot 1 died as a result of gastric hemorrhage from an ulcer 6 by 3 cm in the oesophageal region.
Another pig in the same lot died with severe myocardial degenerative changes, and one pig in lot 2 succumbed as a result of a mesenteric volvulus. The animals fed the low protein diet were unthrifty and gained weight poorly, as is illustrated in Table 11 . One pig in lot 3 died of degenerative heart muscle changes and one pig in lot 4 of acute myocarditis.
The pigs in Experiment I1 grew well, and all animals were slaughtered after 13 weeks.
The pigs in Experiment I11 which were fed the diets containing 10% casein, gained weight slightly less than those in Experiment 11. All animals but one, which died of degenerative heart failure early in experiment, were slaughtered after 18 weeks. Table I1 illustrates that none of the dietary alterations or ingredients supplemented were successful in preventing gastric ulceration or its early lesions. The lesions in pigs in Lots 1 and 2 fed the low protein diet appeared to be more severe than in other lots. When the pooled data of the lots receiving the 8% or 10% casein diets were compared with the pooled data of the lots receiving 12% or 16% casein diets, a significant difference existed when only erosions and ulcers were considered. 52.5% and 9.4% ulcerated stomachs were found in the two groups, respectively, (I? <0.001 when analyzed by the chi square method). When epithelial changes were included in the material, however, no difference could be demonstrated. (65% and 65.6% abnormal stomachs in the two groups respectively). It seems reasonable to draw conclusions from the total number of lesions and not from the presence of more advanced lesions only. On comparing all vitamin E supplemented pigs with all non-vitamin E supplemented ones, a total of 52.8% and 77.8% abnormal stomachs were found in the two groups, respectively (0.05>P>0.01).
No different effect could be demonstrated between diets with and without extra amino acid supplement or between the two levels of dietary fat used in Experiment 111. No difference in the incidence of gastric lesions was observed between males and females, and the average rate of gain among pigs with lesions was equal to those with normal stomachs. 
Pathologic Changes
In all experiments stomach lesions were identified and classified by a macroscopic and histologic examination. The ulcers were almost exclusively found in the glandless oesophageal region of the stomach.
The ulcer development appeared to start with epithelial changes, as described by KOWALCZYK et a1.10, CURTIN et al. 3 and MUGGENBURG et al. 12 . Epithelial changes were characterized by abnormal hyperkeratotic and parakeratotic proliferative and degenerative changes, causing a thickened, rough and yellow-brown surface (Fig. 1) which differed from the white, smooth surface of normal epithelium. On microscopic examination the epithelium was found to be irregularly thickened, the epithelial cells showing swelling and vesiculation. Edema and hemorrhages in the papillae of the stratum proprium were frequently seen, and calcium deposits in the degenerated epithelium were occasionally observed ( Fig. 3) . Epithelial changes usually started at the glandular -non glandular junction of the cardiac mucosa.Desquamation of the altered epithelium resulted in erosions infiltrated with neutrophiles ( Fig. 2) .
Lesions were classified as ulcers when the process had increased into the muscularis mucosa, submucosa or the muscularis. In the acute stage the ulcer was covered with a fibrinonecrotic membrane invaded with bacterial and fungal organisms and the tissue usually was infiltrated with neutrophils. In later stages connective tissue formation increased in the ground of the lesions and in the adjacent region. The chronic ulcer appeared as craterlike round, oval or square lesions up to 8 by 10 cm in area, frequently involving the entire oesophageal region (Fig. 4) . The base of the crater had a grayish appearance and was covered with mucus. Small areas with acute ulceration within the chronic lesion were observed in some cases which had led to fatal hemorrhage. By histological examination the chronic ulcer showed abundant connective tissue extending into the layers beneath the ulcer. Thrombosed arteries and veins were found in the granulous and fibrous tissue of the ulcus.
Vascular changes apart from those associated with the ulcer formation were frequently observed beneath the base of the ulcer and in the adjacent glandular area. The changes were characterized by irregular thickening of the intima owing to proliferated smooth muscle cells, fibroblasts and connective tissue. The intimal elastic lamina was usually fragmented and duplicated, and the vascular media showed thinning and vacuolisation (Fig. 5 ). In several cases the lumen of the vessel was almost completely obliterated. (Fig. 6 ). Vascular changes of this type occurred even in the stage of epithelial changes before any ulcer had formed and did not resemble those usually seen in recanalized thrombosed vessels. Scars appeared in the oesophageal region of some stomachs and were then considered to represent healed lesions. Occasionally scar formation resulted in constriction of the oesophageal opening with secondary dilatation of the lower part of the oesophagus. (Fig. 7) .
These observations of the ulcer pathology correspond to our findings on examining spontaneously occurring ulcers in autopsy material and, except for the vascular changes described, agree with the descriptions given by ROTHENBACHER et al. 15 trialies to those associated with human peptic ulcer, reported by STEHBENS~~ to resemble arteriosclerosis and hyperplastic sclerosis. In human material, however, lipid deposition was additionally observed.
In the present work the lesions are classified according to the macroscopic and histological examination as epithelial changes, erosions, ulcerations and scars.
Discussion
Based on the results of these experiments it cannot be concluded that low protein diets increase the prevalence of stomach lesions in pigs, but they probably increase the severity of the lesions. This point of view is based upon the fact that in the pigs fed the 12% or 16% casein diets the epithelial change was the predominant lesion observed, whereas a greater number of more advanced lesions (erosions and ulcers) were found in the pigs fed the low protein rations. It should be noted that the pigs in Experiment I1 were of higher body weights at the initiation of the trial and were slaughtered earlier than in the other two experiments. This may be a factor contributing to the mild lesions found in Experiment 11. In the work reported by LI and FREE-M A N~~ 47% of 32 dogs fed extremely low protein diets developed gastric ulcers after a minimum of 12 weeks in experiment. The authors suggested the etiology of peptic ulcer to be related to the influence of protein restriction on gastric secretion and motility, because a reduced protein intake would raise the gastric acidity. Experimental production of ulcers in different species has been performed by histamine induced stimulation of acid secretion by HAY and others6, and by pyloric ligature on preoperatively starved animalslc.
In both conditions the acid factor is assumed to be responsible for the lesions produced. In pigs, ulcers produced by histamine injections or by pyloric ligature are predominantly located in the oesophageal regions? 8 as they are in rats treated similarly. The epithelial membrane in this portion of the stomach of these species is glandless and has no mucus barrier to resist injury. A close resemblance with naturally occurring ulcers in pigs has been demonstrated by the authors who have produced gastric ulcers in this way. However, the histopathologic picture of the ulcers seems to lack the initial parakeratotic proliferation of epithelium which characterizes the spontaneously occurring ulcers and which was constantly present in our experimentally produced lesions.
The feeding of rations containing 1 yo of fat instead of 7% had no effect on development of gastric lesions. Also, the addition of vitamin B1 and the extra amino acid supplement had no beneficial effect. These results are in agreement with those reported by CuRTrN2.
Summarizing the results obtained in these experiments, a certain degree of protection against stomach lesions seemed to be afforded by vitamin E supplement. This agrees with the results reported by HARRIS et al.5 from their studies of gastric lesions in rats. HANNAN et al. 4 and CURT IN^, however, found no effect of vitamin E in preventing ulcer development in pigs. They were also unable to reduce the ulcer incidence by the addition of vitamins A and I<. According to 0~~~1 3 , stomach ulcers in pigs produced by diets containing 6 % cod liver oil might possibly be caused by peroxide formation from unsaturated fatty acids in the absence of vitamin E. The lesions could be prevented by dietary supplements with methionine or cystine. In the present study no preventive effect of amino acid supplement (including methionine) was obtained. The possible protecting action of vitamin E will be further discussed in a subsequent paper.
SU?7Z?7ZlZr_y
The effects of different protein levels, different fat levels and the supplement of vitamins B1 and E and the amino acids lysine, methionine and tryptophan on the development of gastric ulcers in pigs were studied in three experiments involving 72 pigs. The addition of vitamin B1, amino acids and the feeding of low fat rations did not change the number of stomach lesions observed. A modifying effect of vitamin E on ulcer development was observed. The feeding of low protein diets resulted in no increase of the total number of stomach lesions, but appeared to increase their severity. The pathology of gastric ulcers is described.
Zusammenfassmg
In 3 Versuchen mit 72 Schweinen wurde gepruft, welche Rolle verschiedene Protein-und Fettmengen, der Zusatz von Vitamin B1 und E sowie die Aminosauren Lysin, Methionin und Tryptophan bei der Entwicklung von Magengeschwuren spielen. Der Vitamin B1-und Aminosauren-Zusatz sowie fettarmes Futter, liessen keinen Einfluss auf die Anzahl der Magenveranderungen erkennen. Vitamin E beschrankte die Entwicklung der Magengeschwiire geringgradig. Futter mit geringem Proteingehalt verursachte zwar keine Haufigkeitszunahme der Magenveranderungen, schien jedoch ihre Intensitat zu steigern. Die Pathologie der Magengeschwure wird beschrieben.
